It is known [6] , [7] that the thermoelasticity system in a bounded domain has an eigenvalue at the origin when the thermal conductivity vanishes. This point of the spectrum splits into infinitely many eigenvalues for positive thermal conductivity. We consider hère an analogous problem in an unbounded domain, which exhibits a more singular behaviour : for positive thermal conductivity there is an eigenvalue with infinité multiplicity plus infinitely many scattering frequencies, the corresponding scattering functions not belonging to the functional space where the problem is considered. We shall focus our study on the différence with respect to the case of bounded domain, and the reader is referred to [6] , [7] for some questions. In this context, the density and spécifie heat will be taken equal to 1. Otherwise weighted spaces should be taken as in [6] . The thermal conductivity ek and the thermal-elastic coupling coefficient p will be considered isotropic (i.e. scalar).
Throughout this paper, the notations are standard. If u is a function, u I ~ dénotes its restriction to the domain E. The same notation is used for and in the same way, L 2 and H 1 will dénote (L 2 ) 3 and (H l f, i.e. the space of « vectors » with components in the space of square integrable functions and in the space of functions with square integrable derivatives of order 0 and 1.
The convention of summation of repeated indices will be used, and hij will dénote the classical Kronecker tensor.
The linear thermoelasticity system (see [4] for instance) reads where u and 0 dénote the displacement vector and the température, A is the Laplace operator, a r is the « total » stress tensor, which décomposes into two parts depending on u and 6 according to
.(e) = -pô l7 e.
The part a is the classical elasticity tensor (or isothermal elasticity tensor) which dépends on the strain tensor e(u) according to (1.5) , where a { ji m are the elasticity coefficients, which satisfy the symmetry and positivity conditions : where X, (x are the Lamé constants of the material. After these generalities on the thermoelasticity system, we consider the spécifie case where the space R 3 is divided into two parts, a bounded one B, with boundary F, and the exterior région E. The medium is supposed to have constant properties on each of the régions B and E. Then, the coupling coefficient p, the conductivity ek and the elasticity coefficients a^i m are functions of x of the form :
where it is understood that the afj lm are constants expressed in terms of Lamé constants K E , \x E according to (1.10). The medium is not necessarily isotropic in B. On the other hand, we note that (1.12) expresses that the thermal conductivity vanishes in the exterior région E. More precisely the thermal conductivity will be ek(x), with k(x) given by (1.12) , where e dénotes a small parameter taking values s= 0. In f act, we shall also consider complex values of s in a neighbourhood of the origin, in order to use techniques of holomorphic functions.
On the interface F we shall prescribe the boundary condition (1.9) and the continuity of the displacement vector ; moreover, for e ^ 0, we shall prescribe a Neumann boundary condition for 6 on the side B, expressing the fact that the heat cannot pass across F into the région E where the conductivity vanishes :
(1.14)
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for any given V 9 G Jf? .
In order to prove (1.23), using the définition (1.19), we obtain :
and taking the real part, we have (1.23) for a> 1. We note that (1.25) amounts to formai intégration by parts ; in fact it is rigorously obtained by taking the product in jf of s/ e U with U" :
and letting U rt -> U in Jf ; as for U", intégration by parts is merely the interprétation of (1.19) in the distribution sensé.
In order to prove the solvability of (1.24), we write it down, with -v + a u = n 9 -e -(kÇx) -) + ae = vol. 23, n° 1, 1989 Eliminating v this is equivalent to
In the case e = 0, we solve (1.27) with respect to 0 and we substitute int o (1.26), which becomes a standard elasticity problem for the modified elasticity System :
which is solved by the standard Lax-Milgram method ; formai intégration by parts is performed as above.
The case e > 0 is in f act analogous ; but in order to solve (1.27) with respect to 0 we must study separately the restrictions of 0 to B and E. In B, (1.27) is solved with the Neumann boundary condition (1.15). In this case (1.24) is also solvable.
• Now, it is easily seen that zero is an eigenvalue of j/ e . The eigenspace is the kernel of the operator, Le. the (closed) subspace of the solutions of i E U = 0. We have immediatly :
(u,F,e)Gjr ;v = 0, e| B = const.,-IJV +P -= 0f for e^O.
It is evident that this kernel for g ^ 0 is a strict subspace of that for e = 0. We shall see that as e -> 0 there are « infinitely many » scattering frequencies converging to 0.
THE SCATTERING FREQUENCIES
Let us seek for solutions of (1.19) depending on t by the factor exp(-it), i.e. of the form (2.1) MWe shall also dénote Ç = /<*>, and either £ or oe will be called the corresponding frequency (in fact the genuine frequency is Ü)/(2TT)) : this leads to the system
and we note that, for x e E, i.e. k(x) = 0, this is equivalent to
which is a modified elasticity system with the Lamé coefficients
Then, the behaviour at infinity of the eventual eigenfunctions is the same as for the elasticity system. It is known that this system is much alike the Laplace équation [1] ; there are no eigenvectors (belonging to the space), and they must be replaced by scattering functions ; the corresponding frequencies are the scattering frequenties, which replace the classical eigenfrequencies. In order to define them, we consider the fundament al solution of the elasticity system (2. Proof: As 0 is not a scattering frequency of (2.10), u* and u* are well defined. Let us write (2.10) (and (2.3)) with <p, u 9 . Taking the product with u^ and integrating by parts on E R = E C\ { \x\ < 7?} for some large i?, we obtain an expression analogous to (2.12) but with the right side integrated on E R instead of E and the supplementary term (2.13) f [a tf (u*) + (P £ ) 2 div u* Sy] n,-uf dS J \x\ =R but u 9 , u*, which are convolutions of G(x, 0), behave at infinity as (2.9). Then, letting R -> oo, we get (2.12).
• In order to transform the scattering frequency problem into a problem on the bounded domain B, we shall define the sesquilinear form on (2.14) û«;u,w)= f 4 m c, OT We then have : LEMMA 
: For ÇeC (different from the scattering frequencies of the Dirichletproblem in E, (2.10)), the form a(i) defined in (2.14) is continuons on H l (B) and dépends holomorphically on £ for fixed u, w. For i = 0 the form is hermitian. For sufficiently small | £ |, zero belongs to the résolvent set of A(£), and A(Ç)" 1 is holomorphic of£ (with values either in l )\ H\B)) or in g(l?(B)).
The same result holds true for
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Proof: The first assertion follows from Proposition 2.3. For £ = 0, we have, from (2.14) and Lemma 2.2 : where u*, w* dénote the extension of u and w to E defined by the solution of the outer Dirichlet problem (2.10) with Ç = 0 and the data 9 = u | r or w | r We note that the traces of u and u * coincide on r (as well as those of w and w*). Thus, the form a(0) is hermitian. Then, it is classical (see [2] (2.23) <rfj rij = ("6(0 u| r ) f and 88/6n = 0 for e >-0 , because afj rc ; and u take the same value on both sides of F. Now, (2.18)-(2.20) is merely some kind of variational formulation of this last problem.
• Let us think about (2.18) 5 (2.19) with e = 0, £ ^ 0. Solving (2.19) with respect to 9 and inserting it into (2.18) we see that this problem is equivalent to the purely elastic problem with the coefficients (2.24) *y/m + B l7 8 /m p 2 .
As these coefficients take in gênerai different values in E and B, this is in fact a diffraction problem of elastic waves by the obstacle B, This problem has in gênerai scattering frequencies £ 7 -, which form a discrete set with Re {£,-} > 0. The preceding Proposition furnishes in particular a description of the scattering frequencies in a neighbourhood of Ç = 0 (as £ = 0 is not a scattering frequency of (2.10)). This will be used in next section to prove our main resuit. Nevertheless, we also have the following property of continuity of the scattering frequencies with respect to e, which is proved exactly as Proposition VII, 9.6 of [6] : PROPOSITION 
SCATTERING FREQUENCIES IN THE VICINITY OF THE ORIGIN
In order to study the scattering frequencies near £ = 0, we shall perform the dilatation
where z is the new spectral parameter, which we consider in any bounded région of C (and then Ç of order O (e )). 
(5).
Proof: The first part is obvious from Lemma 2.5. Let us study K(0). Let 6 and <( > be arbitrary éléments of L 2 (B). According to (3.5) with Ç = 0, let u e , u 9 be the corresponding solutions of (3.4), i.e. Moreover, its domain is independent of £ and A(£) 9 with a fixed Q e D(~ A N ) is holomorphic. Thus, A(£) is a holomorphic family of unbounded operators [2] or [6] , and as a conséquence, the isolated eigenvalues of finite multiplicity are algebroid fonctions of the parameter Ç.
It only remains to prove the conclusions on the eigenvalues of A(0). Using again the isomorphism, we write the eigenvalue problem for A(0) under the form for each i, where z i are the fonctions quoted in Lemma 3.2. We shall disregard the first eigenvalue, z ; (Ç) = 0, corresponding to the eigenfunction 0 = const. As we said in Lemma 3.2, z,-(O has in gênerai an algebraic singularity as £ = 0, i.e. it is a p-valued function which is expressed as a holomorphic function ƒ of £ l / p with the p values of it. In order to use the implicit function theorem for holomorphic fonctions, we use the same device as in [5] 
